ABSTRACT Background: Collecting a 24-h urine sample is recommended for monitoring the mean population sodium intake, but implementation can be difficult. Objective: The objective was to assess the validity of published equations by using spot urinary sodium concentrations to predict 24-h sodium excretion. Design: This was a cross-sectional study, conducted from June to August 2011 in metropolitan Washington, DC, of 407 adults aged 18-39 y, 48% black, who collected each urine void in a separate container for 24 h. Four timed voids (morning, afternoon, evening, and overnight) were selected from each 24-h collection. Published equations were used to predict 24-h sodium excretion with spot urine by specimen timing and race-sex subgroups. We examined mean differences with measured 24-h sodium excretion (bias) and individual differences with the use of Bland-Altman plots.
INTRODUCTION
Excess sodium intake is projected to cause an estimated 50,000 heart attacks and 30,000 strokes in the United States every year (1) . Accurate monitoring of intake is essential to support public health efforts to reduce excess intakes (2) (3) (4) (5) . Twenty-four-hour urinary sodium excretion is recommended for monitoring sodium intake (2, 6) . When collection is complete and sodium intake is held constant for several days, 24-h urinary sodium excretion reflects w90% of sodium intake (7-9) on that day. In adults, the half-life required to establish homeostasis in sodium excretion is w24 h (10) (11) (12) . Because participation in a 24-h urine collection can be low and some voids missed or spilled, according to the Institute of Medicine (2) , "Research is needed to develop a marker of sodium intake other than 24-hour urine collection that is reliable, economical, and easy to administer in population surveys."
Collecting a spot or casual urine specimen is feasible and low cost but is currently not recommended for monitoring sodium intake because of the large diurnal variation in sodium excretion (2, 6, (13) (14) (15) (16) (17) (18) . This excretion pattern is reversed for individuals with hypertension, and diurnal variation may be less among blacks or African Americans (14) (15) (16) (17) (18) (19) . Despite these issues, predictive equations were developed in previous studies and used with spot urine specimens to estimate population mean and individual 24-h urinary sodium excretion (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . The 2 major approaches for developing these equations are as follows: 1) direct regression of sodium concentration from spot urine specimens on 24-h urinary sodium excretion (20, 21) and 2) multiplication of the spot urinary sodium-to-creatinine ratio by the predicted or actual 24-h urinary creatinine concentration (22, 23, 29) . Some equations (22) , but not others (20, 21, 23) , were developed to estimate 24-h urinary sodium excretion based on urine collected at a specific time of day. The most frequently used prediction equations were developed in Asian populations (22, 23, (25) (26) (27) (28) , and their applicability to US adults is unclear. Newly published equations developed among North American and European adults appear promising for monitoring population mean 24-h sodium excretion, but are not yet validated in an external sample (20) . Furthermore, information is limited on the validity of predicted 24-h urinary sodium excretion among African Americans and by the timing of spot urine collection.
Current and past NHANES include a spot urine specimen collected in person (31) used to estimate 24-h excretion of pesticides and chemicals (32, 33) , but not sodium. Starting in 2009, a urine specimen was collected at home after the longest period of sleep (34) . To inform the use of a single spot urine specimen to assess sodium intake in NHANES and other surveys, here we assessed the validity of published equations for predicting 24-h sodium excretion at a population level and at an individual level by timing of spot urine collection among adults aged 18-39 y who participated in a urine calibration study (35) , among all participants and within sex and race subgroups.
SUBJECTS AND METHODS
During June-August 2011, 500 volunteers aged 18-39 y living in the Washington, DC, metropolitan area underwent a screening process to determine their willingness and eligibility to participate in a study requiring the collection of urine over a 24-h period. Of them, 481 were scheduled for an initial visit; 441 completed the visit and were enrolled in the study. The study design, methods, and descriptive data are presented in detail elsewhere (35) . Briefly, participant recruitment was stratified by sex and race, and questions were asked in an attempt to recruit an enhanced sample of 50 participants with a low and 50 with a high sodium intake. Pregnant women or women trying to get pregnant, persons who reported taking loop diuretics, persons with self-reported chronic kidney disease, or persons with reported new or modified hypertension treatment in the past 2 wk were excluded from participation.
Data collection for all participants relevant to this analysis, included questions related to sociodemographic characteristics, use of hypertensive medications, measured weight and height, and a fractional 24-h urine collection (35) . For the fractional 24-h urine collection, each void was collected and stored in a separate container, and the participant recorded the time of the collection. Participants returned the urine collection on the day of completion. Urine was kept cold (with ice packs or in the refrigerator) until portioned into aliquots. One-third of the participants were invited to collect a second fractional 24-h urine specimen 4-11 d later. In this study we included 407 participants who completed one 24-h urine collection. Completion was defined as having urinated $500 mL as measured by a technician, a recorded collection of $20 h, and reports of spilling urine or missing a void no more than once in 24 h (35) . Seven persons missed (n = 6) or spilled (n = 1) 1 void in the initial 24-h urine collection, but were kept in the sample because their urine volumes and 24-h sodium and creatinine excretions did not differ from those of the remaining participants, and their exclusion did not affect the results (35) . Collections from female participants were excluded if they were menstruating. Questions regarding spilling urine, missing a void, or menstruation were determined via standard questions. The study protocol was approved by the National Center for Health Statistics, CDC, ethics review board, and written informed consent was obtained from all participants.
The timing of urine specimens was as follows: morning (the second void on rising in the morning), 0830-1230; afternoon, 1231-1730; evening, 1731-2359; and overnight (the first void after the longest period of sleep), 0400-1200 the next morning.
A composite 24-h urine specimen was prepared by taking a proportional aliquot from each void (fractional specimen). In addition, 4 spot urine specimens were selected in accordance with the method of urine collection currently used in NHANES (31, 34) : the first specimen collected in the morning after discarding the first void (0830-1230), the afternoon (1231-1730), and evening (1731-2359) and the overnight specimen, which was the first void collected the next morning after the longest period of sleep (0400-1200). A 1-mL aliquot was taken from the composite 24-h urine sample and each of the 4 spot urine specimens. All vials were shipped frozen on dry ice within 7 d of collection to CDC's National Center for Environmental Health for analysis. For analysis of sodium and other electrolytes (potassium and chloride), ion-selective electrodes (ISEs) and the Cobas ISE/Na
assay were used on the Hitachi Modular P clinical analyzer (Roche Diagnostics) (36) . For analysis of urine creatinine, the Roche Creatinine Plus enzymatic assay was used on the Hitachi Modular P clinical analyzer (37) . Each analytic run included 2 levels of urine quality-control samples measured in duplicate at the beginning and end of the run bracketing the study samples. The between-run measurement imprecision was #3% for each analyte and is reported in detail elsewhere (35) . Participants who self-identified their race by a "yes" response to the following question during screening, "Do you consider yourself to be Black or African American?", were grouped as "black" in the analyses. Participants who answered "no" were grouped into "other races." Information on the race or ethnicity of this group was not collected (35) because previous studies do not suggest variations in the diurnal pattern of urine electrolyte excretion within ethnic groups other than African Americans (15, 38) . BMI was calculated as weight (in kg) divided by height (in m) squared.
Estimation of 24-h sodium excretion from spot specimens
The volume of the measured 24-h urine sample was adjusted for self-reported collection time as follows: (total volume collected/self-reported collection time) 3 24. The total amount of sodium excreted in each spot urine specimen (measured spot urinary sodium) and 24-h urine specimen (measured 24-h sodium excretion) was calculated by multiplying the sodium concentration by the corresponding volume of the sample. In addition, we used 4 previously published equations to predicted 24-h urinary sodium excretion from spot urinary sodium concentrations ( (20) and 3 indirect approaches based on spot urinary sodium-to-creatinine ratios multiplied by predicted 24-h creatinine excretion [Tanaka (23) , Kawasaki (22) , and Mage (32, 33) ]. The Tanaka equation was based on the Japanese INTERSALT population, the Kawasaki equation also Low (among women in Osaka, Japan) to high (among men in Toyama, Japan) mean sodium content in persons enrolled in the INTERSALT study in Japan. Low (women) to high (men) mean sodium intake among persons living in Japan (location not specified).
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Equation for predicted 24-h urine creatinine excretion developed in a separate study of 256 male and 231 female participants and validated in 20 male and 27 female Japanese and foreign (including 16
American) subjects (39 The Mage equation was developed to predict urine pesticide and chemical exposure with NHANES urine specimens and was not calibrated or validated against measured 24-h urine excretion.
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Equation for predicted 24-h urine creatinine excretion developed in a separate study of 249 men in Canada (40) was developed in a Japanese population, but has been applied to Western populations (25) , and the Mage equation was used to estimate urine pesticide and chemical exposure with NHANES urine specimens. Prediction of 24-h creatinine concentrations varied in these equations. All of these 3 equations (Tanaka, Kawasaki, and Mage) took age, weight, and height into account in their prediction of creatinine. However, only the Kawasaki and Mage equations have sex-specific predictions of creatinine. With Mage, we used a creatinine correction for differences in muscle mass by race (33) . Because, the Kawasaki equation was specifically developed for use with a second morning urine specimen collected after the first void in the morning, we only evaluated its use with our "morning" specimen.
Statistical analysis
First we examined the means and SDs for measured 24-h urinary sodium excretion and predicted 24-h urinary sodium excretion ]. 6 The mean measured sodium excretion within each race-sex group differs slightly because of the inclusion of only those participants who had a urine sample during the same time period.
7 Significantly different from measured 24-h urinary sodium excretion, P , 0.05 (paired t test). 8 Not applicable because the Kawasaki equation was developed to estimate 24-h urinary sodium excretion based on the second morning void only.
using each of the 4 predictive equations with each of the 4 single spot urine collections among all participants and among 4 race and sex subgroups (black men, black women, other race men, and other race women). Because not all participants voided during each of the 4 time periods examined, we predicted mean measured 24-h urinary sodium excretion based on the same sample of participants who voided during the specified time period (eg, morning). To evaluate whether a spot urine collection can be used with predictive equations to estimate population mean 24-h urinary sodium excretion measured on the same day, we examined bias between predicted and measured 24-h urine collections for each of the 4 published equations (INTERSALT, Tanaka, Kawasaki, and Mage) by the timing (morning, afternoon, evening, and overnight) of spot urine collections (except for the Kawasaki equation, which was only evaluated with the morning sample) for all participants and also among race and sex subgroups.
We evaluated the group mean bias in predicted 24-h urine excretion by calculating the difference (predicted -measured) in 24-h urine excretion for each participant and calculating the mean of these differences. Paired t tests were used to assess the statistical significance of differences in predicted-measured 24-h excretion. The 95% CIs were calculated as 6 1.96 3 SE of the mean differences.
Because the distribution of the individual biases (predictedmeasured) were somewhat skewed, to evaluate the individual differences over the distribution of 24-h sodium excretion, we also calculated the mean and individual relative bias from Bland-Altman plots (41, 42) . The Bland-Altman relative bias is the individual difference between the predicted and measured sodium excretion divided by the mean of the predicted and measured excretions. We examined whether individual bias differed across the range of 24-h urinary sodium excretion by plotting the relative bias for each individual against the mean of the predicted and measured for that individual and determined the 95% limits of agreement (relative bias 6 1.96 3 SD). We also calculated the Spearman correlation coefficients to examine the relation between individual measured 24-h urinary sodium excretion and individual predicted 24-h urine excretion for the total sample and by race-sex subgroup.
To address potential bias related to potential incomplete 24-h urine collection, we replicated our analyses 1) after excluding individuals who were missing one void and 2) after excluding individuals with potential incomplete urine samples. For 2), we used an alternative marker of completeness of urine collection (43) (44) (45) (46) (47) , measured-to-expected 24-h urine creatinine ratio excluding participants with a 24-h urine creatinine ratio ,0.6 based on equations for expected (predicted) creatinine by using age, weight, height, and race (32) . To address potential bias due to inclusion of individuals with hypertension, we also replicated our analyses excluding participants who reported that they had ever been told by a doctor or other health professional that they had hypertension (high blood pressure) or reported currently taking one or more antihypertensive medications. All the statistical analyses were conducted by using SAS version 9.3 (SAS FIGURE 3. Bland-Altman plots of the relative bias (difference in agreement) between measured 24-h urinary sodium excretion on one day and predicted 24-h urinary sodium excretion on the same day based on the INTERSALT equation (27) and spot urinary sodium collected in the morning (A), in the afternoon (B), in the evening (C), and overnight (D). The relative bias for each individual is the predicted minus the measured 24-h urinary sodium excretion divided by the mean of the predicted and measured 24-h urinary sodium multiplied by 100 and is plotted against the mean of the predicted and measured 24-h urinary sodium excretion. The solid black line represents the mean relative difference (bias). The dashed lines represent the 95% limits of agreement of the mean relative difference 6 1.96 3 SD. INTERSALT, International Cooperative Study on Salt and Blood Pressure. Institute). Statistical significance was defined as P , 0.05. No adjustment was made for multiple comparisons.
RESULTS

Mean measured and predicted 24-h urinary sodium excretions
Not all participants voided urine during each time period. Mean predicted 24-h urinary sodium excretion varied by prediction equation, the timing of the spot urine collection, race, and sex ( Table 2) . Mean biases (predicted minus observed 24-h sodium excretion) with the INTERSALT equations were 2165 mg (95% CI: 2295, 236 mg) with the morning specimen, 290 mg (95% CI: 2208, 28 mg) with the afternoon specimen, 2120 mg (95% CI: 2230, 211 mg) with the evening specimen (Figure 1) , and 2267 (2384, 2151 mg) with the overnight specimen. With the Tanaka equations, the mean bias was small and not statistically significant with the overnight specimen (223 mg; 95% CI: 2141, 95 mg), but positive and statistically significant with the morning (251 mg), afternoon (368 mg), and evening (255 mg) specimens. Using Kawasaki equations with the morning specimen, mean bias was 1300 mg (95% CI: 1152, 1300 mg) ( Table 2 and Figure 1 ). With the Mage equations, mean bias was not statistically significant with overnight specimens (2145 mg; 95% CI: 2314, 25 mg), but was positive and statistically significant with the morning (693 mg), afternoon (869 mg), and evening (574 mg) specimens.
Within race and sex subgroups, mean bias was not significant and of similar magnitude when the INTERSALT (,6200 mg) equations were used with the morning, afternoon, or evening specimen, with a few exceptions ( Table 2 ). The mean bias when the INTERSALT equations were used with the evening spot urine specimens from black women was 2260 mg (95% CI: 2479, 241 mg) and with the morning specimens in other race women was 2304 mg (95% CI: 2542, 266 mg) (Table 2, Figure 2 ). In women, the mean bias when the Tanaka equation was used with the overnight specimen was 243 mg (95% CI: 26, 459 mg) for blacks and 216 mg (95% CI: 30, 402 mg) for other races (Table 2, Figure 2 ). In contrast, the mean bias when the Tanaka equation was used with the overnight specimen was in the opposite direction among men and statistically significant among other race men (2370 mg; 95% CI: 2601, 2138 mg) (Table 2, Figure 2 ). Within race and sex subgroups, mean biases were in the same direction and of similar magnitude when the Kawasaki equations (.1000 mg) were used with morning specimens (Table 2, Figure 2 ). In races other than black, the mean bias when the Mage equation was used with the overnight specimen was 2555 mg (95% CI: 2843, 2265 mg) for men and 2372 mg (95% CI: 2664, 281 mg) for women (Table 2, Figure 2 ), but among black men and women was positive, although not statistically significant.
Relative individual differences in predicted and measured 24-h urinary sodium excretion
For individuals, the difference in predicted and measured 24-h urine excretions was not consistent across low to high levels of 24-h sodium excretion. With the INTERSALT and Tanaka equations, overestimation occurred at the low levels of 24-h sodium excretion and underestimation at the high levels ( Figures 3 and 4) . When the Kawasaki equation was used with the morning specimen, overestimation appeared to occur across low to high levels of 24-h urinary sodium excretions ( Figure 5 ). With the Mage equation, underestimation occurred at low levels and overestimation at high levels of sodium excretion ( Figure 6 ). Although mean relative differences could be small, the 95% limits of agreement were wide for predicted 24-h sodium excretions. When the INTERSALT equation was used with the morning void as an example, the mean relative difference was 0.1% and the upper and lower limits of agreement were 271.3% and 71.5%, respectively (Figure 3 ). Similar patterns were observed among sex and race subgroups (data not shown).
Individual correlations with measured 24-h urinary sodium excretion
Total sodium excreted in measured spot urine collections at all 4 times was fair-to-moderately correlated with measured 24-h sodium excretions in all participants (0.45-0.60) ( Table 3) . Within race and sex subgroups, variability in correlations was somewhat greater. The lowest correlation was 0.24 when the afternoon specimens from other race men were used and the highest was 0.68 when the afternoon specimens from black men were used. Among all participants and race-sex subgroups, the range of correlations of overnight measured spot specimens with measured 24-h sodium excretion was 0.58-0.61.
In all participants, individual correlations between predicted and measured 24-h sodium excretions were 0.44-0.61 (Table 3) . Within race-sex subgroups, the lowest correlation with measured 24-h urine excretion was 0.28 when the INTERSALT equation was used with overnight specimens from black women and the highest correlations were 0.71-0.72 when the Tanaka and Mage equations were used with afternoon and evening specimens from black men.
Additional analyses
Of the 407 participants, 7 (1.7%) participants in day 1 and 3 (2.3%) in day 2 reported missing one void during their collections. After exclusion of these individuals, we found no meaningful difference in the mean relative bias or individual correlations in relation to a single 24-h urine collection. After exclusion of 34 individuals with a measured-to-expected 24-h urine creatinine concentration ,0.6, correlations did not differ nor did most estimates of bias (data not shown). Notably, the mean bias in predicted 24-h sodium excretion from the INTERSALT equations did not differ with and without exclusion of these participants (data not shown). Less than 1% of participants reported taking blood pressure-lowering medications, and 3% reported having hypertension; their exclusion did not change our results (data not shown).
FIGURE 5. Bland-Altman plots of the relative bias (difference in agreement) between measured 24-h urinary sodium excretion on one day and predicted 24-h urinary sodium excretion on the same day based on the Kawasaki equation (29) and spot urinary sodium collected in the morning. The relative bias for each individual is the predicted minus the measured 24-h urinary sodium excretion divided by the mean of the predicted and measured 24-h urinary sodium multiplied by 100 and is plotted against the mean of the predicted and measured 24-h urinary sodium excretion. The solid black line represents the mean relative difference (bias). The dashed lines represent the 95% limits of agreement of the mean relative difference 6 1.96 3 SD.
DISCUSSION
Of the prediction equations evaluated, the INTERSALT equations may provide the least biased information about group mean 24-h sodium excretion in young US adults. When used with spot urine specimens collected in the morning, afternoon, or evening, INTERSALT equations appear to estimate group mean 24-h urinary sodium excretion, the current standard for assessment, by 6200 mg for all participants and within most race-sex subgroups. Timing of spot urine specimen collection, sex, and race may affect estimation of 24-h urinary sodium excretion. For individuals, significant over-and underprediction was not consistent across low to high levels of 24-h sodium excretion. The INTERSALT prediction equations, although close to observed levels at the mean, appear to have a positive bias at low levels and a negative bias at high levels of individual 24-h sodium excretion.
In general, mean predicted 24-h sodium excretion based on specimens collected in the afternoon and evening, compared with morning or overnight, was a better approximation of mean 24-h sodium excretion. Metabolic studies indicate that, among healthy persons, most of the sodium consumed is excreted in the afternoon and evening with sodium excretion dipping to low levels from midnight to early morning (13, 18) . Thus, one might expect predicted 24-h sodium excretion based on sodium concentrations in afternoon or evening spot specimens to better represent measured 24-h urinary sodium excretion. Mean 24-h urinary sodium excretion predicted with overnight spot urinary sodium concentration was generally lower than that predicted with specimens collected at other times, particularly when the Mage equations were used.
Whereas the concentration of sodium may be lower, the overnight collection has a higher volume (38) and when expressed as total sodium excretion, the overnight collection may be a better predictor of 24-h excretion than collections at other times of the day. Compared with total sodium excretion from morning, afternoon, and evening specimens, total sodium excretion from the overnight spot urine collection was the most strongly correlated with measured 24-h sodium excretion on the same day. Currently, predictive equations use sodium concentrations from spot urine specimens. Measurement of total sodium excretion in a spot urine specimen requires collection of the entire void.
The individual correlations (r = 0.2-0.7) of predicted and measured 24-h urinary sodium excretion in our study were similar or lower than those published in previous studies (20, 22, 23, (25) (26) (27) (28) 30) . Correlations measure the strength of an association FIGURE 6. Bland-Altman plots of the relative bias (difference in agreement) between measured 24-h urinary sodium excretion on one day and predicted 24-h urinary sodium excretion on the same day based on the Mage equation (20, 21) and spot urinary sodium collected in the morning (A), in the afternoon (B), in the evening (C), and overnight (D). The relative bias for each individual is the predicted minus the measured 24-h urinary sodium excretion divided by the mean of the predicted and measured 24-h urinary sodium multiplied by 100 and is plotted against the mean of the predicted and measured 24-h urinary sodium excretion. The solid black line represents the mean relative difference (bias). The dashed lines represent the 95% limits of agreement of the mean relative difference 6 1.96 3 SD. between 2 measurements, but not their agreement (41, 42) . In the Kawasaki study (22) , mean predicted and measured 24-h urinary sodium excretion did not differ, nor did they appear to differ in other studies of Japanese adults (26) (27) (28) . Whereas the correlations using the Kawasaki approach also were evaluated in a Western population of 105 Canadian adults (r = 0.4-0.5) (25) , no data were presented on the agreement in means or across the distribution of sodium excretion. It is possible that equations developed based on higher sodium intakes in Asian populations do not apply to the lower sodium intake measured in the US or Western populations (43) . The Tanaka estimates also were developed for use in Japanese adults and were not as biased as the Kawasaki equations when applied in the current study; however, the mean 24-h sodium excretion of the population on which these equations was based (4545 mg for men and 4066 mg for women) was lower than that for the population used to develop the Kawasaki equations (5,350 mg for men and 4287 mg for women).
Our study had potential limitations. First, we used questionnaire data to assess whether 24-h urine collections were complete. Of the 407 participants, none missed more than one void, and, after exclusion of 1.7% of individuals who missed one void or individuals with potential incomplete urine collections based on measured-to-expected creatinine ratios, our results did not change. Second, the spot urine samples used with predictive equations to estimate 24-h sodium excretion were part of the whole 24-h urine collection, ie, were not independent; thus, it is likely that the correlations observed are higher than those expected if the spot specimens had been collected on a different day. In a post hoc analysis of the subset of 133 participants providing two 24-h urine collections, we found the correlations between spot and 24-h urinary sodium excretion collected on different days to be 0.18-0.27. Finally, our sample is not representative of the US population. We purposefully selected participants who were adults aged 18-39 y to minimize other possible factors that might affect urinary sodium excretion. For this reason, potential participants were ineligible if they were pregnant or reported taking loop diuretics, had chronic kidney disease, or had new or modified hypertension treatment in the past 2 wk. We did not exclude people with hypertension (n = 7), even though previous studies suggest that hypertension may affect urinary sodium excretion. In a subanalysis, exclusion of these individuals did not change the results. Importantly, it is not known whether our results apply to younger or older persons and populations with a higher prevalence of hypertension or other chronic diseases, including those taking diuretics.
Further analyses of these data include evaluating the use of more than one spot urine specimen to capture a greater amount of total sodium intake and/or adjust for diurnal variability as well as .1 d to allow estimation of population distributions. A urine calibration study in older adults with more participants with hypertension, mild-moderate chronic kidney disease, or use of diuretics is ongoing to better understand how these factors influence prediction. Designing a study to calibrate mean estimated sodium intake from spot urine samples among small (homogenous) groups of the population compared with mean measured 24-h urine excretion may better inform monitoring at the population level and support efforts to reduce sodium intake.
This was the first study to our knowledge to evaluate several urinary sodium predictive equations using the same sample of young adults with little or no hypertension. Our results indicated that the bias in mean predicted 24-h urinary sodium excretion was generally small when the INTERSALT predictive equations were used with morning, afternoon, or evening spot urine collections in our population. This was true among all participants and within race-sex subgroups across most timed-spot urine specimens. Thus, based on these data from young adults with little or no hypertension, mean US 24-h sodium intake may be slightly underestimated if INTERSALT equations are applied to single spot urine specimens in NHANES. Together with the calibration study showing accurate assessment of population means across low to high sodium levels (20) , these data suggest that these equations could be used with a single spot urine specimen to monitor temporal trends in population mean sodium intake among young US adults. Our data also confirm that these prediction equations-based on a single spot urine specimen-should not be used to estimate individual 24-h sodium excretion because of the differential bias in individual estimated 24-h sodium excretion across low to high sodium levels. Although 24-h sodium excretion is the recommended method for evaluating population mean sodium intake, our findings inform the use of predictive equations to estimate population mean 24-h urinary sodium excretion as part of a national surveillance system critical to evaluating US efforts to reduce sodium intake.
